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f &i* report gir** t&e <-2ftr*eieristSc8 of a *is«r f*|J| 
*3 ^Miliary airfoil Xf.#T its tr&iiisj: **& 

a fl&p« The ttt*t# ^*r# fitfe a 10 %y 60 

Cl&rk T ssals airfoil ?a«C.Ai 0012 flop h&Tis£ a 

^hsrd eq-iai is IS perc*.-,:i of the £hor4» the 

ff fclfc* flap all :asts *as c£ tao flat cLsrd &nd 
20 percent feaci frsx t*£ lea-ling *d£«, 

Ise optlcxa Is cat ir - ef the flap fcxlt r*$*tili lo tfc* 
ttfcUl ^i^c fcr c^tattd lift Mill to Ve rarest of 

the rrain *t&£ chard fcsriird t;.;e IrailJU&g ijMEjSO *&4 2*5 $*r« 
ce&t :^lcs the oaord* Itt till Ereftlitefi C* *a* 

srrcasfcd frssx 1.250 {fcr Uic pin!z fee 1*6X0 at 45" i#~ 

Tlsctitzi of the f'iap an: ifims^i fr#&. 

C#C1*£ *i -5" d€fl£r-5i*m, tiut «fcf £ fcB *aclfc £*s« 

serious &d7*rs* la Ijrtiirai stsMItijr Taa? fou&i to 

r^s^It frss felt* 5t#* vf tfea flig ir; tis spti^r; T53iti-?s» 
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Is s«st of th» s&aniNfc flaps aaf* ejsplsyssj to i&* 

ert^^a |&§ tmxif^azi lift tf a *^>y i^r* si isswtrcsisd 

its to refcroct iat« er e p^ri oif SEa -ats ties 

ttrt saalJa wtng at sill ti»i« # a latter tyj* of f l^p 

Mfea used certmis *~zZznzs air^I^x^s 5^x2^217 ASfcd test 
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Tha rrenr/. rs-crt ire? tte results of tests r-ade 
\j the S.i.C*. os a Clark: T aing with *» auxiliary air- 
foil. 15 percent of tha *iag chord wide, donated ia sev- 
eral jtiiiioas rear the trailiag edge. The data were ob- 
tained is the coarse of a coaprehcne i-vs iavest igat icn of 
auxiliary airfoila for use aa ail aroes and for this reasse 
tae iaforr-Atioe relative tc tieii use as a high-lift *e- 
T i:e is ret -capleta at all frost positions. The scops of 
the tests, hoaeaor. iacladed the loterniaat ioa of the sax- 
fjgfta lift Wsa uinicun drag stteinafcve and the test value 
of *ae ciiut criterion (L/3> at C L = O."?) at ne&rly all 
the 2 it icas tested. Is idiltica, acre deisiled lift, 
drsg", ceai*r-cf-precsnr<«. and lat arai-stalil liy data were 
c stained with the flap ia th- nest fsrornhle lceetics. 
the ratine of icc&tiens cf the flap axis mi Ires 70 to 110 
parceat cf the a lag chord end frcu 0 to 20 percent below 
the wiag chcrd. This range Includes the flap positions 
used ty both Jankers and STragg, 



Kodais..- The H*in 5as * laninsted =aheg*ny Clark 

1 eirfoil ha-ring a 10- inch chord and a cO-lnch span. The 
flap had aa S.X.Z.Jl. C112 profile (see table I for crdl- 
rates), was sad* cf duralumin, and had a 1.5- inch chord 
and a spaa e^-al lo that cf tha aaia wing. It vat »*tachel 
t: »hs -ai- -5r..rr hy s*rs; 1. C^-iach shsi t -st eel brackets. 
Sach bracket carried a kings pin fiiteu ia a sccket loco tad 
at r*=e PO-peraaat-chcrd point cf tha flap, fhe angle of 
the flap to tha main wing ras eel ty asssa of quad rants 
fixed rigidly ia tie flap and sc srra^.ti t'r.ct they could 
he screwad to four of tha brackets, feti range of deflec- 
tier. available ai each location of tha flap axia (except 
where tha flap cane in contact with tha lo?er aarface of 
tha wing) was froa the Jrailing edge aj ?5 to the trail- 
lag edge down SO . ia 5 increments. ?ignre 1 sLer-s the 
wing model with the flay so anted la the optirraa pes it ion. 

¥iad Vprttsi.- All the present lasts wera nada ia the 
^.a...*". ' "? by 10 foot cpez-Jlet wind fcusaw*. In this tnnael 
the cedel is suppertcd in rue a a rjanner that the forces and 
MjBwBta stoat the quarter- r^erd print cf the aid section of 
tho scdel *re : sur-sl -ire;- ly tr :.-."f icient fern. For 
antorotatlcu tests. tLc standard :cr:«- test triped ia re- 
placad by m rpSQlal aauatlsg that ternlia the we del to ro- 
tate stoat the lt-gitudiaal wind axis passing through the 
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-ld-scaa cnarter-ckerd joint. This acj-aratas Is aoaptad 
cn the balance, and tie rolling- nor.eat coefficient can be 
read directly daring the forced-rotation tes'ts. A com- 
plete description of the tnanal aad it* eqzipneat is siren 
is .-of er er.ce 2. 



the togtt rerc cendcci«4 i- ?crerd?.ace viih. tha •tsai- 
&r£ rrsctdar o . scd at tas una! dynamic prt>;s2re ax* 2eyn- 
& Ids Srsser ea^lsyai ia the 7 by 10 foot tarsal. The djf*- 
zicsic prepare vat If. 37 toaxds per *aaarc foot, correspond- 
ing to aa air s?e*d of SO*:: lies :er hear at sta-dnrd d*.-si- 
ty. »nd tae Beyaoldi 3acb*r »M S09.0G0. "rased or. the chord 
of x'at neia via* sectioa. 

tiik a fa* except ioas, short force tests nsizg serer-il 
flip deflections rare contacted at each lecit lor. cf the 
flap to ieunh* the carinas attainable lift, the aialsaa 
drag. «ci the tes" ralae f the ciint crit :-rlsn. At the 
rest f*Toratl« location of the flap for mxlcmn ltft fouad 
by these : rel ini-ary tests, the following test? srere cca- 
dacted aith tae flap ia both the high-l|ft and the low-drig 
attitndas: G- conjoneat force tests at 0 *-d 20 ye*; free 
aatcretatica tests to determine the sngle :f attack abtf* 
Thich aatorctatloa ia self-start lag; and forced aat or o ta- 
ttoo tests at 0 5 and 20° ya*. ia ahicfc the rollia* OOeeat 
**s aessared ah 11 a the eiajj vat rolling at a Telocity equal 
to the aaxtnuir likely to baeaec an Sored ia ccatroiled 
flight in *ery £^**t *i*". 

The accuracy of the f reseat tests is coasiisrbd sat- 
isfactory exceci in the rasge JOM at«?« tha stall. esare 
ralaes cf the ^efficient* *§* erratic and cftea poorly 
defined. 

ETSTltS 



Th: result* of this iar-siifat ten KT« j-rtaea? Mi la 

the fora of contour charts (figs. 2 to 5) itching the af 
fact of th» flep-exl* locatio* oa: 

C **sax 4s host attitude far high lift) 



Cj$ (flap ia cess attitude- for Is* fT**) 
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('lap is best attitude* for hi*h and lew 

I-/ 2 si s 0*7 C:Ifcp tr. fcest atiit^3a for rate ef 

saditlcn, lift, drag, and cent er-cf~r re* jura nrft 4*re 
girej; IS fi^are 6 for *Le wi^£ Tiih tLe flap in the epti- 
arcs location for Cj^vj Table II presents in cendens-- 
fore iixfc salient ^.arxcurUtics for e*cL position of tie 
flcp axis tested* 

the coefficients as platted end a* flT<ra in ta'ils II 
nay fce defined as folio**: 



«&«ri i is the dynamic pressure* S is th? total arcs 
of vir.g— plus-flap ? b is lh© vine spas, end X is the 
rolling rrojse-it neasnred *hile the ring is roIIiJU£. the 
cceff iciest C\ is need as m s:cas^re of lb* ce^rec of lat- 
eral sterility or instability of c wlz*£ ^nlc^r tariw ccs- 
diiiens* In tie present e&eo, it Is nsed is indicate the 
T^liiScfc i^TvIoped *noa a xlnr t iz smb^eci»d to a. v 

rolling reiccity equal to tie n^xl^us, likely to fce wiw* - 
tered in cc^t relict fliftt In rcry £ T *«ty air* This rolling 
relociiy n>sy *e expressed in te^ns cf the *ing spaa as: 

ticrc r is tns air speed at the center of the r-in£ and 
p* is the **culfcr Tsierity in roll aiont the wind axis. 



tesiaeOBt l|ft»- The raine of the ne lift cceff 1- 
cleat cf c *ing system ^ny bo nsed as a criterion cf tfce 
?in3 area required for a deslrsi landing 3~ee& or, can- 
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rsrselj. for i~e landing epsed ohtsin^i vith & f;iven *in# 
area* With the press:**- ^laf: jy^tw, ionsittin* 8* * sals 
airfoil and en auxiliary alrfoii u**d *a a flay, * saxinoji: 
lift coefficient e*ual la cr tetter than the: i| ^ plain 
si:.? see obtained vith th* flap axle located eldest 3^7- 
?he^ <srithin the limits cf the are^ explcr*d. (Sfce fi«. 
2.) Jorrsrd of about S5 parent cf the «ta*j chord vae 
flap radices the serae of Sl^j ***** that attainable 

^itfc the sin£ alone. ?hi* reduction is apparent until 
the seller it at least 0.2 chord length below the 

nc in *rin£. 

ft* &j»*££*nt increase tP is obtained only 

the fie? exi* is within a *er7 United -.re,- pi%% bac> 
cf and helo* the trailing ed^e of the sing. ?he op* ianc 
&xi« position for a 15-parcoat~c^ori flap bSng*d about a 
point 0.2 of ite width Wcfc frea ife leadi^ edge 1-1/4 
psrcsnt chord behind the trailing ed*e aci 2-1/2 percent 
chord belos *fca chord of the ^tln Tii^r. In ini* position 
a jfc&xissm. lift coefficient cf 1**10, "basad cn the whole 
ring are*, cr 2.000 5**sed on 4h& ttnla ring area. ?as 
tainca ci*h the flap 45° dewn. 

Xinltran dra£.- Th* n in lira r. dra« coefficient of a wtnr 
ray fee used as * r:ra£h criterion of hl£h epeed tsrhen ^<m- 
paring siz-Uer airplanes equipped *ith win*t of eqnal area- 
Jcr in* plftin win£ (flap renewed) ^ed in theea testa tie 
ri-lrrm dra£ coefficient was 0.0165. ?i£ure 3 £iwes con- 
cf the values of Ojj , with the flap attached. 

The fact that certain Talis** of Ciy^ fall fcalcw toat 

for the wing alone is due. in varying ce&xc&s. to thT^e 
facicrs: {1} *hs ninisxiSL dr«Lg coefficient cf the fi*p 
(basei sn its own area) it lee* than that of the wine; 
(3) tha flap in eoae positions is cpsreVng in air that 
may** at a ct**ide7ahi7 rate tad w*V*citj relatiTe to she 
nndist^raed *ir street; and (3/ a zniv&l i^terferorce if- 
fact exist s which redness the ral^e of Opfc^ sain 
wi^s. The alnlans drag coefficient of the flap tV.A.C.A. 
0012 profile) rsajr ^e a??^aed to be about 0.0135. Ihi£ 
Tal^e is cMeined froa data ^iver in references 3 and 4. 
▼ eighted to cospene&te for the differei-cee in the char so- 
teristiea cf the Tariahi^censlty Tind txinnal at* tk* 7 
bj 10 foot etnospheric wind ttxczel. The rednction in dj- 
n^nic presaire in a United area directly teles the trail- 
ing fcd^e of tha sain sisug ?^it teen shown to be in the or- 
der of 30 percent (froa ^uiruVlI^hfed 3ata obtained in the 
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5 *.C.~ : .. full-scale *ia2 MuttOlK* If tie nbcT- value fcr 
3j}£j|: of f«o flap Is as^^l to l>e ofctalajisle in tha re- 

flcqp of the least dynamic pressor©, fcr thm 

pl-a-flap iecczes 0*0147. I^ygifttQg of figure 3 and te- 
tie II tfcsws teat eotictaVL? lower T*l*ie» »f Cr^^ were 
eit*iscd at teTOral ari^s lecaticae, if spite of the fact 
that tie ir-f o~f tie fixtures draper ii^£ flap is In- 

cl^Sed 1- all eazms. The isfrfgian* leprae cf fa^uratie la- 
terferesc^ occurred at pcsi*ica f f where a Bl&ism 
coefficient cf 0.0X41 was oV>aised» At potitiea C, wit lei 
was t£ttn to *e 'ike ojtinwi with M^ecl to saxirrus lift, 

CTf * » C .0146. She difference between t*e*e two tfal^aes 
~:;ia 

of Cjj^t^ cajr he takea Jw»t ^trleafchli rhea it ie Iwa- 
liieroi &ikt tie prcl^fele accuracy of lie ietcr^is^t iea of 

Share the ftttt* raVae cf Cn . for the flap i3 *s- 

stiaed as la* the previous ceee«/fcttt rith a Iccatie* sMffi- 
e!*atljr x^enred fros the ^ias to cegl«ct azy rifc^ica l» 
welecitjr or saV^i tat erf ere- effect. the nlai^xa -ra£ . 
coefficient for the ayetea b»ecst| 0.0152. thte rerult 
gLe^a that a net aafl*wor*fcit IsUrieraaa occurs with 
fiap locatloae forward of attest tha S3-per:>eai-chord tola*; 
It also thro** toie do-as* oa the accuracy sf tie c B~< a 
ralue eirea for position 

ft* ratio i^- 6 - is a c^znrenlesi fi£- 
-*iia 

s.re scrit for co^yaria^ the ex f ec±i?ea#s* cf different 
w£*g* lu producing * ierge speed ran*;** Seatoxjs cf tnis 
rftt io ££*iast axis location a?ft riwea in fi^re 4. O^fi* 
tc tie rather ssell permeate** wriatioa Is S^^. • tie 

contours tpt tie spee-i-rasge ftrjlterlOfe feller d^saly 
t:.:sc *ho?m In figa** 2 fo* ffha Baxiraa Taiue ©f 

the retdo occurs at pe*i*ica j\ wit ere a ratio 56 perco^i 
|j^Mt*r tias. *£at for the pl&la wls.g Is oltai&ed* 

I LI s fi^re rar %e ccrjarcd to that ctt&Iiisd fcr a" 
Fcrie* flap reported im reference 5. The Icrler flap Lai 
: ctori l^^tb of 40 percent of tfc^ as In TrirL* caerd ^nd 
retracted cofcpleteijr wit&la tie ss^ir. ri^g ^hen in the low- 
dr^* attitude, this arrajatfasoat fefewe a ratio of 

I^^S = i9S t or 146 percent crater tlwia that for the 
plain 
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Ccspariivi say else be is&do «etrfecs the present flap 
arrc^erumt aad tic Sra^s flap t% rojor* ed i-i rfcferesse 
1« la that ca*e tae flap etprozln^t el7 22 percent of 

t^e aizis chord bit ia other respects the models were 

flails?. The opticas angle for s*xisut; lift aas fouac te 
be *to3t helf cf that dster-iaed in iae present tests fc but 
the sese petit tea cf th<> flap relative ts the trailing 
edge of the s*&ia aiag aad the vr.ljee cf acxifrac lift co- 
efficients obtained checfc xer.sccjefelj *ell. 



:2r» . *■ , 



fte^e r of cllrt *- In crier to establish s suitable eri- 
terias f:r tae effect o: t:s* **s>£ character! st i cs ob the 
rate of cli^h of as airplay, the psrf c resets ctirres for 
a aa&fcar of types and sixes of air- la^as *era eal btilAtfA, 
and the :cl&;;ca of the ziaxi^on rate of clioh to the lift 
%ad drag ta**oi studied, fais laTcstis£*t ion stcaad that 
the t/s at C t =b 0.7 gire a consistently reliable fig- 
ure of ncrit for thi? ptirjoss. fhis criterion is plotted 
la the fare of con:sir$ sf the asis location of the fl^y 
ia figure 5. Highest raines of the critarisn ere fcbout 
S percent less then those for the plats ring; the? occcr 
rhea tlu flap axis is slightly aft of the opt iarazs location 
for r X^ x * iftfll -he flap in the optlatfn posit loa for 
C L (C) the drop ia the rate-of-clisb criterion anotnts 



ts 10 percent of that for the plain wU.:. 

Optima position.- The data tipca valeh tc bnse the 
choice cf as qptlxxxfl position for a 15-perceat- chord ex- 
tarsal flap la i*et entirely coalite *ithont a rnoalajg* 
of the dr*<s characteristic* ia the vicinity raxirnx^ 
lift* EsaeTer* reference 5 Indicates that the dre* near 
C Lnax doss net r&r? greatly aitl iocaticn cf the flap, 

Coae^tmaatl^, the beat ccsitica r»7 he tafcea as tbat gi*- 
las tie highest lift (position C). Piais&a drag it this 
location is slightly greater thaa the* ebtaiae4 farther 
bale* the *iag at position ?, brat the dtflteraaee ^e«e 
tin import ant «*he- the aec ara cy of tfef taterfilTtfitloa cf 
Cr% M *s corsidarei together *ith the rery slight differ- 

er.ee in the ratio far the tao petit leas. Iresrsich 

as the rate-cf-ellzsfc criterion ia the smie for the tac lo- 
cations* posit loa C ami chesea es tie sost fararabla 
fror all C3^« tderstiC2i5 sa-i laterr-l-stahliity tests a^re 
rua with the flap located hare ->aly* 



i 
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Lateral ctahilitjr.- Lateral stability warn ueasurei 
by determining tn* initial ancle at which zuicro ta i i on 
Tfes s«l-- start ing under Taricu- conditions of roll ani 
ya^, ai ^eli as the raxiads unstable torques deTeicped 
*hsn the wins *&s forced to rotate at a giwen rate. S^ch 
tests vara nade on tfcj risf -ith the fl?p sorted in ihu 
cpitsaas position only a~d set both for high speed and for 
I^niin^. Tat; results of thase tests, presented it table 
II* *L^>r negligible chnn^es in C\ as compared to the 
riein *Ing. Initial les cf instability ere approxi- 
mately the as thoco for tic plain ring when tie flap 
is in tie fci^h-rpoed nttitudc. Tit!: the fie? dewu, hew- 
ever, *ni thr- ;?iLg ya*od 23°, the wiug shows i distinct 
tendency, at all ncrnal angles of attack- to increase nn 
initial rate of rotation in roll rtsn th<* roll is in the 
s *ii« direction as the yaw. The significance of this ten- 
dency in relation to the lateral-stability characteristics 
of a conplete airplano is largely dependent upon the fin 
and mdizr design, dihedral, and other structural features 
Of ^ha airplane. In ^cr.cr*!, hnrorer. the tendency corre- 
sponds to that product by an increase in dihedral, a 
cLs^a that increases the srirel stability of an airplane 
but nekaa it tore difficult to sssintain a jr**«* attitude 
such as eight he esploytd in s crocs-wind landing. 



The following conclusions say he drawn concerning the 
n*e of a 15-percent-cberd auxiliary airfoil "lap of sya*- 
-e:ri:sl profile ^itz a «tr&i£h* Claris I *in£. I» 2*r*ry 
casd where the ^ejha * opt Israel location* is used reference 
is a&ade to the position at wh c .ci the highest T«iue of 
C ~raz *** obtained. 

1*. 7tt ideation cf tie 20-pereeat-cfcerd 

roint of the flap {hinge axis) is 4*lie critical. It lies 
1-1/4 percent of the nain ^infi csord behind the trailing 
edge end 2-l/2 percent b*low the chord. 

2. *ith the flap in the cptUcus position and de- 
flected 45° down, C L ■ 1.S10 based on the total rir*g 

**nax 

area, cr 2*060 based cn the area of the nain w/ing. 
ralue rep reseats an Increase cf 45 percent over that ob- 
tained with the plfcti riu~. 
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2. FaYoretle interfere a ce exists b*t*een the rizr 
ead the flap (it tiie higb-fpeed attitude) at all practical 
Iccatlcse of the flap axis fceiiad 33 perccat of the r^alc 
iriag ciori aad vlthla 20 percaat of the chord line. 

4* the flap decree.*** the rat©-of-cliah criterion Vy 
10 percent in the optiar<ra locution. 

5# Letorcl ataMiity i« tinaf feet ed hy the flap vhea 
seuctei 1© the hi&fc-tpeed attitude at the opticas pesi- 
tios. With the flrp ia l&xdi^? attitude az:d ;te ri^ 

subjected ts eea%l*#4 2C C 7^ nnd a railing Telocity rach 

that ~ — c D.66i the trirg efcevs ex: increased teadascy to- 
ward spiral stability. 
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